Abstract-A new class of energy efficient solvent, known as ionic liquids, has recently been the subject of demanding research on the extractive desulfurization of liquid fuels. The aim of this study is to investigate the possible application of ionic liquids as green energy efficient solvent because of their unique physical and chemical properties. In this work, Imidazolium based 1-butyl-3-methyllimidazolium hexfluorophosphate [BMIM]PF6 and 1-butyl-3-methyllimidazolium tetrafluoroborate [BMIM]BF4 were synthesized and employed as extractive agent for the removal of sulfur compounds. The effects of reaction time, reaction temperature, sulfur compounds, and recycling of ionic liquids without regeneration on dibenzothiphene removal of liquid fuel were presented. Also, the desulfurization of real fuels was investigated. The data and results of presented work might be provide significant insights of imidazoled ILs as green solvent for extractive desulfurization of liquid fuels as it can be reused to four cycle without regeneration with considerable extraction efficiency.
I. INTRODUCTION
ULFUR containing compounds in transportation fuels are converted to SO x by combustion, which is a major source of acid rain and air pollution [1] . For environmental protection purpose [2] , many countries have mandated reduction of S-level in fuels down to 10 ppm by 2012 [3] , and with more stringent regulatory constraint, it is a trend to achieve little to no sulfur fuels in the next several years [4] . In India, the present norms were decided by Central Pollution Control Board, the current value of total sulfur in liquid fuels is limited to 350 ppm which has to be lower down into possible extent. At present, the removal of S-containing compounds is carried out by a catalytic hydrodesulfurization (HDS) [5] . It requires severe conditions of high temperature and high hydrogen pressure to produce low sulfur light fuel [6] . The efficiency of HDS is limited to treat DBT and its derivatives, owing to their stereo hindrance on the S-atom [7] .
Several technologies such as extractive desulfurization, elective adsorption, catalytic oxidation, and biodesulfurization were applied. In petroleum and hydrocarbon industries, various solvents such as ethers, amines, alcohols and other volatile organic compounds have been used for the options like extraction, absorption, azeotropic distillation etc [8] . Conventional solvents have their own limitations in terms of environmental issue, recycle ability, etc. which can be overcome by the use of ILs as green solvent [9] . Few processes are highly energy intensive and consume large amount of hydrogen, so it is difficult to generalize. Among these, deep extractive desulfurization (EDS) is an attractive technology, as it can be carried out at ambient temperature, pressure, and without hydrogen as a catalyst. A good extractant must have good extractive ability for S-compounds, free of contamination to the fuels, non-toxicity, environmental benignity, and stability for repetitive use. ILs have been studied for many possible applications for green chemical processes [10] , such as an ion conductive matrix [11] as well as reaction solvent [12, 13] due to their unique physical properties, a wide liquid range, high ionic conductivity, a wide voltage windows and non-volatility [14] .
ILs is usually composed of heterocyclic organic cations and various anions. ILs can be liquid at low of temperatures of -96 O C and some are at over 400 O C [15, 16] . ILs can be easily synthesized for any specific application either by careful selection of cation or anion or both, or by attaching new functional groups, such as amide, nitrile, amine, sulfonic acid, ether, alcohol, carboxylic, and thiols, to the structure to impart the desired properties [17, 18] .
In present work, imidazolium based 1-butyl-3-methyllimidazolium hexfluorophosphate [BMIM]PF 6 and 1-butyl-3-methyllimidazolium tetrafluoroborate [BMIM]BF 4 were synthesized and employed as extractive agent for the removal of S-compounds. Synthesized IL has been used as energy efficient solvent for the possible application in desulfurization of liquid fuel.
II. EXPERIMENTAL

Chemical and Materials
IL used in the experiment was synthesized using analytical grade chemicals. The details of the chemical used are as follows: 1-methylimidazole (Acros, 99%), 1-bromobutatne (Acros, min 99%), NaBF 4 (Sigma Aldrich, 98%), KPF 6 (Sigma Aldrich, 98%), Acetone (SDFCL, 99.5%), Ethyl Acetate (SDFCL, 99.5%), dibenzothiophene (DBT) (Acros, 98%), n-Ocatne (Acros, 99%), Benzothiophene (BT) (Sigma Aldrich, 99%), Thiophene (T) (Sigma Aldrich, 99%), 3-methylthiophene (3-MT) (Sigma Aldrich, 98%). All chemicals were used without any further purification. Real fuels were purchased from Local Petroleum Pump House, Nagpur, Maharashtra (India). 4 , and white solids precipitated were obtained. Then, the solids precipitate was separated by filtration. Finally, the product was vacuum dried oven at 80 O C for 2 h to remove the traces of dichloromethane [19] . C. An oil phase appeared at the bottom of the flask. Got the oil phase by dumping out the water phase, and washed repeatedly the oil phase. Finally, place the synthesized IL in a vacuum drying oven, drying at 80 0 C until weight keep [19] . 
Model Liquid Fuel Preparation
A model liquid fuel with 500 ppmw sulfur (DBT as sulfur source) was prepared in n-Octane. Similarly, the model liquid fuels were prepared by dissolving BT, T, and 3-MT individually in n-Octane respectively. Actual diesel and gasoline with total sulfur content of 385.13 and 180.79 ppmw respectively were used. 
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III. RESULT AND DISCUSSION
Characterization of IL 1 H-NMR, and
13 C-NMR analysis were carried out for characterization of IL. The production of pure IL is very important since impurities have a strong influence on their physical properties and stability.
1 H-NMR and 13 C-NMR Analysis
For all NMR analysis, approximately 30 mg of the IL was added into a 5 mm NMR tube. A stem coaxial capillary tube loaded with 0.5 mL of solute was inserted into the 5 mm NMR tube.
1 H-NMR data in ppm (δ) from the internal standard (TMS, 0.0 ppm), chemical shift (multiplicity, integration), and the 13 C-NMR data in ppm (δ) were reported. 6 shows conductivity value of 1180 and 860 (μs·cm -1 ) respectively which is comparatively small. After exchanging of anion, the conductivity of IL could be increases. So, IL has great advantages as compared to conventional organic solvents [21] .
Solubility Analysis
The solubility of imidazolium IL with six conventional solvents was studied. ILs may be dissolved in some conventional organic solvents such as methanol, acetonitrile, ethanol, acetone and water, but not all the organic solvents (e.g. IL not dissolved in ethyl acetate). The ILs solubility might be changed by changing the anions. Novel two-phase system can be created and used for various applications such as synthesis and extraction [22] . For the application of IL extractant the solubility mechanism of IL is needed. Imidazolium ILs solubility in liquid fuel may give rise to extractant loss and liquid fuel contamination. This results suggest that the solubility of imidazolium based IL in liquid fuel has to be optimized for future applications. 6 with mass ratio of 5:1 respectively in 30 min. At the initial stage of the reaction, Scontent in the model fuel was very high hence the extraction rate becomes high with high S-removal rate. As the reaction proceeds extraction rate becomes low with S-removal rate no longer distinctly increases. The results, in Table 1 , show that contact time of 30 min between the model liquid fuel and IL phase is more than enough to achieve the equilibrium. So the optimum time required for the desulfurization of model fuel was 30 min. The imidazolium ILs are more capable of efficiently extracting DBT than other S-containing compounds [23] . This observation was also reported in other ILs extraction process for imidazolium ILs was attributed for higher polarisable π-electron density of DBT which tends to insert the molecular structure of ILs [24] . DBT 6 anions may interact with the thiophenic ring of DBT [25] .
Effect of Reaction Time on S-removal
This experiment clearly demonstrates that the extraction ability of imidazolium ILs was satisfactory in comparison with other ILs and has the highest partition coefficient (K N ) of DBT. In Table 1 , Nernst partition coefficient (K N ) is given to specify the extractive ability of imidazolium ILs for DBT with mass ratios of 5:1. K N was calculated by the ratio of Sconcentration in IL to S-concentration in model fuel. K N is a key parameter to determine the extractive ability of one extractant in an industrial extraction process. Higher the partition coefficient is, the better the desulfurization performance of an ILs [26] .The structures and sizes of both the cations and anions in ILs have a strong impact on their extractive performance. 
Effect of Reaction Temperature on S-removal
Reaction temperature play vital role in the extractive desulfurization process, Table 2 C, the flexibility of IL is not noticeably improved. Moreover, S-removal rate will no longer increase and even to some extent decline [27] . [25] . Subsequently, S-extraction may be performed at room temperature, which is encouraging for less energy consumption. Table 3 represents the molecular structures and properties of S-compounds normally found in real fuels such as diesel and gasoline on extraction with pure hydrocarbons. It might be seen that results for thiols, sulfides, and related compounds are quite low. However, the results for DBT, T, BT, and 3-MT are excellent. 6 is the formation of liquid clathrates and π-π interactions between aromatic structures of the extraction target and the imidazolium ring system [21] . In real fuels, many nitrogen, oxygen, and aromatic compounds have been existed, which decreased the extraction performance of the IL for S-containing compounds. In real diesel, there were different kinds of alkyl substituted DBTs are present such as BT, T, and 3-MT. The results suggested that using [BMIM]BF 4 and [BMIM]PF 6 S-removal reached to 66% and 65.2% in 30 min at 30 O C respectively. However, the removal of BT, T, and 3-MT were 63.9%, 53.8% and 47.9% in [BMIM]BF 4 respectively. Also, in [BMIM]PF 6 it was reduced to 57.9%, 49.9% and 42.8% within same time respectively as shown in Table 3 . compared with DBT, the electron density on the S-atom on BT, T, and 3-MT are lower, which leads to the lower reactivity of S-compounds [27] . However, the reactivity of the DBTs decreased with increasing methyl substitutes at the derivative substitute positions, the reactivity sequencing was DBT > BT > T > 3-MT [28] . Table 3 , it has been also observed that the removal of DBT using imidazolium ILs was much promising for Sremoval and shows the highest removal efficiency of sulfur with fixed mass ratio of model liquid fuel to ILs as 3:1 in 30 min at 30 O C. Table 4 , which shows the desulfurization efficiency of spent ILs without regeneration was reused upto four cycles. It was seen that the spent IL was able to remove DBT from liquid fuel even without regeneration, nevertheless, at a lower efficiency of 36% from 66% in [BMIM]BF 4 , and 31% from 63.7% in [BMIM]PF 6 with mass ratios of model fuel to IL as 5:1 respectively with spent IL. Reduction of S-removal might be recognized of DBT which dissolved in IL and decreased the extraction performance of IL. These results indicated that after the IL was recycled four times, the rate of S-removal decreases slightly [29] . 
Effect of S-Compound on S-removal
Desulfurization of Real Fuels using imidazolium IL
Real fuels extraction such as diesel and gasoline is much more difficult due to its typical content of various Scompounds and other impurities. 4 for S-removal. Because of steric effect of alkyl group in the aromatic rings, methyl-thiophene, methyl-benzothiophene, methyl-dibenzothiophene, etc, Scontaining compounds in diesel and gasoline are extracted less than DBT in the model fuel by ILs [30] . 6 are the most efficient in the removal of DBT containing liquid fuels and it can reach to 66% for single stage extraction at 30 0 C in 30 min with mass ratio 5:1, which is the noteworthy progress of EDS process over HDS process. The application of very mild process conditions (low pressure and temperature) is an advantage of this new approach in comparison to HDS. The data and results of presented work might be provide significant insights of imidazolium ILs as green energy efficient solvent for extractive desulfurization of liquid fuels. 
